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NAVTRAEQUIPCEN IH-250

SUMMARY q

A considerable effort has been undertaken at' tat` tfwe Naval- Training Equip-

ment Center's Analysis and Design Branch, Computer and Human Factors Labora-
tories toward answering three questions regarding computer generated visual
system technology. The questions were:

a. Do visual system presentation delays on the order of 0.1 seconds
have any adverse effects on pilot trainee learning ability?

b. Do the presentation delays cause the pilot subjects to exercise
their piloting skills differently than when their visual stimuli are not
delayed?

c. What is the nature of the differences in piloting techniques
utilized when the pilot's visual stimuli have been delayed, if any?

Questions a, b, and c have been answered by a two experiment study
for the specific task of landing an aircraft simulator, with performance
similar to an F-4, on an aircraft carrier visual display generated by
computer generated imagery.

Experiment 1 of the study addressed thirst question posed. Twelve
pilot subjects of varying age and background were asked to "fly" carrier
approaches both with and without a 0.1 second delay in the visual scene
presented to them. The performance criterion of merit was the number of
trials required for the subjects to complete three successive carrier
arrestments.

Experiment 2, of the study addressed the second and third questions
posed. For Part ,l of Experiment 2, twelve pilot subjects were asked to
"fly" carrier approaches until five successful carrier arrestments were
made. Real time data recording was used to record six pilot control
inputs. A statistical unit'of measure known as the variance was computed
for each ofithe'control inputs. These variances were compared for the
delay and no-delay cases using some standard statistical analytical
procedures known as multivariate analyses.

Part 2 of Experiment 2 addressed question c and utilized the data
gathered under Part 1. Fast Fourier transforms were performed on the
pilot control inputs for the delay and no-delay conditions transforming
the eemingly random time histories to the frequency domain for easier
int retation. The frequency spectra for the delayed environment of
th ecorded control parameters were compared to those for the non-delayed
e vironment.

The results of this study indicated:

a. In Experiment 1, the difference between the mean number of trials
required by the piloit subjects to reach criterion performance in the delay

/ condition and the mean number in the no-delay condition was not statistically
/ .significant. In faOt, except for the earliest trials, the differences

between mean performance with no delay and mean performance with delay
were practically non-existent.

5 1
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SECTION I

INTRODUCTION

Because-of the current national economy, the fuel shortage, concern
for ecology, and the ever increasing comptexity and cost of mode'm weapon
systems, there is, and will likely cbntinue to be, emphasis on the develop-
ment and utilization of sophisticated flight simulators. Military and
commercial aircraft users are investing heavily in flight simulators equipped
with visual systems and in visual systems to be attached to existing flight
simulators.

In general, visual simulators are conceivitas add-on systems o flight
trainers. Investigation of interfacingsuch systems has been, h. torically,
and typ'ically, less than rigorous. Addition of one system to a other seems
inevitably to affect the operation of the combination. Such the case
with visual systems when attached to flight simulators.

An inherent delay exists between the time a visual system receives
its inputs and thee time a visual presentation is displayed. For example,

the Computer Generated Image Advanced Developmpt Model visual system
attached to Device 2F90, a TA; 4J OFT, at Kingsville NavalAir Station (NAS),
Texasi in late 1973, required a little in excess of 100 ms to ;generate a

visual scene. This time delay added to the 50 ms update cycle time of the
2F90, represented 200 percent change in time related effects on the pilot's
control responses.

4
The question naturally arose as to what effect this additional delay

is likely to have on the training effectiveness of a flight simulator
system.

1

1
Healy, L. D. and Cooper, F. R., "Verification of Simulator Performance by
Frequency Response Measurement," Proceedings of the 6th NAVTRAEQUIPCEN/
Industry Conference, Nov 13-15, 1973, NAVTRAEQUIPCEN IH-226.

2
O'Connor, F. E., CAPT USN, Dr. B. J.-Schinn, and Dr. W. M. Bunker, "Prospects,
Problems, and Performance: A Case Study of the First Pilot Trainer Using
CGI Visuals," Proceedings of the 6th NAVTRAEQUIPCEN/Industry Conference,
Nov 13-15, 1973, NAVTRAEQUIPCEN IH-226.

11
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SECTION II

STATEMENT OF THE PROBLEM

The purpose of the experiment was to attempt to answer the following
questions:

a. Does a ..100 delay of a visual presentation affect pilot learning
performance?

b. Do pilots perform their piloting skills differently when their
visual stimuli have bee delayed for 100 ms?

c.. If pilotS do perfo their skills differently when visual stimuli
are delayed 100 ms, in what wa s) is their performance different?
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SECTION III --,--

EXPERIMENT'DESCRIPTION

APPROACH

\The previous questions were addressed by two experiments. Experiment 1
was de igned to answer' Question a. Experiment 2 was designed to answer
Questio ...s b and c.

, -
,

N .,

. .

. , \
The approach taken to answer Question-a was to design specific carrier

roach task which incorporated both delay and no-delay_conditions to be
1 arned by pil t subjects. The pilot subjects were then required to fly
the tasks. An alysis of the number of carrier approach trials taken to
achieve an establi hed successful criterion of;:iformance was then con cted.

The approach tak to answer Questions b and,c was to focus the 1 esti-
gatidn on the pilot/simu ator interface -- the flight controls. Pilot ontrol
displacements and forces re measured while flying specific carrier approach
tasks with and without 100 'lliseconds (ms) delay. An analysis o he re-
corded measurements was accomplished to determine if pilots manipulated the
controls with more or less disp :cements and/or with more or less-forces
when their visual stimuli were 4e ed. Finally, the neasurements of control ,

displacemefts and forces were subjec ed to a Fourier analysis to exieine, in
the frequency domain, the effects of t e 100 ms visual presentation delay on
flight control activity. 4

HARDWARE AND SIMULATION SOFTWARE USED

The experiments were conducted with the Na 1 Training Equipment Center's
(NAVTRAEQUIPCEN's) TRADEC F-4 Flight Simulator. This simulator system con-
sists of a Xerox Data System Sigma 7 digital Computer with a full complement,
of general purpose digital computer peripheral equipient (figures 1 and 2),
a four-degree-of-freedom motioneplatform (figure 3), a variable configuration
simulated aircraft Cockpit (figure 4); and an operator's\ontrol console
(figure 5).

The computer syStem hardware consists of 48,000 words of\core storage,
13.7 million bytes of random access disc memory, four magnetic tape drives,
a high-speed line printer, card reader, card punch, paper tape reader /punch
and a Calcomp incremental plotter. The simulator software is a program
which simulates the F-4 aircraft. The F-4 simulator is utilized in the con-
duct of research in various aspects of simulation techniques and of human
factors relating to simulation. The program is written to support operator's
console functions such as establishing modes of flight, recording of data,
aiding in conducting tests and establishing different conditions and confi-
gurations of flight. The program allows recording of up to 165 selectable
parameters on magnetic tape each program iteration cycle, i.e., every 50 ms.

The simulation program was modified to provide appropriate operator
control of the conduct of this experiment. Program modifications provided
for:

1. 3
11
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NAVTRAEQUIPCEN IH-250

a. Operator insertion of test subject identification and carrier
approach task conditions (e.g., Delay/No-Delay, Task Selection, etc.).

b. Presetting the position of the simulated aircraft to one of three
selectable points in space from which carrier approaches began.

c. Operator release of control of the simulator to a pilot subject
enabling him to fly an approach and attempted arrestment on a visually
depicted carrier.

d. Appropriate termination of`each carrier approach.

e. Control of recording selected data on magnetic tape during each
approach.

The F-4 simulator was interfaced with an Evans and Sutherland Line
Drawing System (LDS) I line drawing visual CRT display system which provides
a 19 horizontal by 19° vertical field of view. This monochromatic visual
system consists of a line drawing scope shown in figure 5, a special purpose
high-speed processor, figure 6, and an associated slave scope located in the
simulated cockpit in view of the pilot, shown in figure 4. The special pur-
pose high-speed processor accepts aircraft and aircraft carrier position and
orientation information from the simulator computer and produces the correct
perspective picture at the two. display stations in real time. The time re-
quired for the visual system to compute and display the aircraft carrier
scene used in these experiments varies from 12.5 ms to 25 ms. The time
:taken within this range depends upon the number of lines that are in view
of the pilot's eyepoint, which is dependent upon the distance between the
aircraft and the aircraft carriera.s the approach to arrestment progresses.

The F-4 simulator program's iteration cycle is 50 ms. Position and
orientation of the aircraft and aircraft carrier are computed each 'program
iteration. The method of simulating 100 ms additional delay in the visual
system was accomplished by withholding, from the Evans and Sutherland visual
system, this airs aft and carrier positional information for two program
iteration cycles (2 iterations x 50 ms per iteration = 100 ms). This was
accomplished by software, the implementation of which is illustrated in
figure 7. Carrier and aircraft positioning infumation was stored in buffers,
the first buffer containing the position information calculated during the
preceding program iteration cycle, (therefore 50 ms old), the second buffer
the iteration cycle before that (100 ms old), etc., with the 9th buffer hold-
ing the information calculated during the 9th previous iteration (i.e., 450
ms old).

.Sutherland, Ivan E. and Dan Cohen, "Display Techniques for Simulation,"
Technical Report: NAVTRADEVCEN 70-C-0025-1.

19
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Figure 6. Evans and Sutherland Special Purpose
High-Speed Processor. LDS I

20
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At the end of each simulatiprogram iteration cycle the contents of
buffers 0 through 9 were transferred, or shifted to the adjacent buffer.
Information in the 9th' buffer was discarded. Selection of a given buffer
to be presented to the Evans and Sutherland visual system therefore deter-
mined the amount of visual system time delay simulated. The subject experi-
merit utilized the selection of "buffer" 2 when a delayed task was to be flown
and "buffer" 0 when a no-delay task was to be fl

The implementation just described resulted in effectively adding 100 ms
time delay to the actual time required by the Evans and Sutherland system to
produce and display the position of the aircraft carrier scene. Therefore,
the actual visual cue delays presented to the pilot subjects was 12.5 ms to
25 ms for the no-delay condition and 112.5 ms to 125 ms for the delayed con-
dition.

. PILOT SUBJECTS USED

Sixteen Navy, Marine and Air Force pilots and former pilots, assigned
to or employed as civilians. by the NAVTRAEQUIPCEN, or employed and self-
employed in industry in the Orlando area, volunteered their time to serve
as pilot subjects in the experimentation. (Table 1 contains a summary of
their flying experience.) All but two were carrier qualified from two and
one-half years to twenty-five years ago.

TAW PERFORMED BY PILOT SUBJECTS

The tasks selected were rather exacting and purposely so, for it was
thought that if an artificial delay of 100 ms were to have an effect, it
would show up more readily in the more difficult parts of the flight training
regimen.

The basic task for the pilot subject was to learn to land a simulated
aircraft on the carrier deck displayed on a Cathode Ray Tube (CRT) screen.
Six variations of this basic task were used. Two were considered a priori
to be of least difficulty, comparatively speaking, two of moderate difficulty
and two, the most difficult. This was done in order to afford the pilot sub-
jects some early opportunity of success to prevent possible discouragement on
their part and also in the later analysis to determine if an interaction exis-
ted between Delay and Task Difficulty.

Certain initial conditions.were common to all six task variations. In
each case, the carrier moved at a rate of thirty-five (35) knots. The air-
craft was always positioned one (1) nautical mile from the carrier at an
altitude of three hundred ninety (390) feet and at an airspeed of one hundred
thirty-five (135) knots (i.e., on the glide slope and at the correct airspeed).
Except for pilot control positions, initial conditions were the same for
each approach trial. Each successful approach trial required about 30
seconds flight from the time the pilot subject was given 27771 until
approach termination occurred.

The six task variations wer- as follows:

Task A (Least Difficult) 2
20
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The aircraft was set 600 feet to the right of the center line of the
carrier's angle deck, figure 8: The pilot subject was required to make a
left tzrn to line up on the center line of the carrier's angle deck.

-'ask B (Least Difficult)

The aircraft was set directly On the glide'slope and on the center
line of the carrier's angle deck, figure 9. No turns"were required and
Via-pilot subject's objective was to hold the aircraft on the glide slope
until arrestment.

Task C (Moderately Difficult)

This task was the same as Task B, figure 9, except that an arbitrary
level of turbulence representative of "light turbulence" flying conditions
was added to the simulator motion system.

Task D (Moderately Difficult)

The aircraft was set 600 feet to the left of the center line of the
carrier's angle deck, figure 10. The pilot subject was required to make
to right turn to line up on the angle deck's center line. /

Task E (Most Difficult)

This was the same as Task D, figure 10, (right turn ,quired from
600 feet to the left of the angle deck center line) with/an arbitrarily
selected more severe level of turbulence, representative of "heavy tur-
bulence" flying conditions, added to the simulator m6tion system.

Task F (Most Difficult)

0
This was the same as Task A, figure 8, (left turn required from 60Q

feet to the right of the angle deck enter line) with the more severe liVel
of turbulence added to the problem.

There were five conditions which had to be met in order for a trap
(aircraft arrestment) to be successful:

r a. The trap area on the carrier deck was rectangular in shape and
simulated a carrier deck area 50 feet wide by 80 feet long. A trap was
possible if the aircraft center of gravity was in an altitude range of
64 to 69 feet above sea level and within the trap area.

b The landing gear had to be down.

c. The rate of descent of the aircraft had to be less than or equal
to 1000 feet per mifiuteas it entered the space defined in paragraph a.
above.'

d. The aircraft could not be pitched down more than two degrees from
horizontal and not be pitched up more than eighteen degrees from horizontal
as it entered the space defined in paragraph a.

24 22
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Figure 8. Visual Display Starting Position (Left)
A.

Figure 9. Visual Display Starting. Position (Center)
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e. The aircraft could not be rolled to the left or right more than
fifteen degrees from horizontal as it <' the space defined in para-
graph a.

DESCRIPTION OF EXPERINENTS

Two experiments were designpd to answer.the questions stated in Section
II, Statement of the Problem. The first experiment was designed to address
Question a of Section II. The second experiment was designed to address
Questions b and c of Section II.

The procedurjacommon to both experiments was as follows. Each pilot
subject was brieffd before entering the simulator cockpit. After the

5 briefing and while the pilot subject was buckling into the cockpit seat,
the operator entered the pilot's identification code, task selection, and
delay/no-delay control code into the simulator program. The operator then
preset the simulated aircraft's position to a point in space associated
with the selected task. The pilot at this time could see a visual display
of an aircraft carrier as seen from 390 feet altitude, at a distance of
one mile, and either 600 feet left of, 600 feet right of, or directly
aligned with the center line of the carrier's angle deck, figures 10, 9,
and 8 respectively. The simulated flight airspeed was set at 135 knots.
When the pilot subject indicated he was ready, the operator released con-
trol of the simulator to the pilot. The pilot was then completely in
control pf,the flight simulator. Recording of the pilot's flight control
activity qamagnetic tape began. at the instant the operator released control
to the pint. The pilbtfwas then required to fly the approach visually to
the displayed carrier and attempt an arreitment. Automatic data recording
every SO ms o magnetic tape continued until the approach terminated with
an arrestment, otter, a wave off, or a crash. Upon conclusion of the
approach, the oper or reset starting conditions as described previously
so that the pilot could attempt anther approach. The.pilot subject con-
tinued making "approaches in thisgishion until successfully completing the
established success criterion for the experiment. After successfully
completing,a task, the operator inserted appropriate task selection and
delay codes into thrprogram to set up the subsequent task.

EXPERIMENT 1

PROCEDURE. Twel4 of the pilot subjects practiced. each task until each
was proficient in task performance. A pilot subject was considered to
have learned a task if he made three successful arrestments in a row in _\
that task. The dependent variable was number of trials to criterion per-
formance for each task.

The tasks were always presented in the a priori order of difficulty,
that is, Talks A and B preceded Tasks C and D and t latter preceded Taisks

E and F. Within this general order, however, the Delay vs No-Delay condi- .

pcistion was interleaved so that one condition may not have an obvious advantage
over the other due to "practice effects." The order in which the pilot

AllIF subjects le reed the tasks is summarized in table 2. Each pilot subject
was assigne to a presenption order at random with the restriction that
the last pilot subjects were assigned to orders to maintain the,overall

14 J 25 27
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NAVTRAEQUIPCEN IH -250

balance in table 2. Thehumbers in the body of table 2 specify the order
in which each pilot subject learned the tasks under the two (Delay/No-Delay)
conditions.

Table 2 indicates that six pilot subjects learned Task B first, three
in the Delay condition and three in the No-Delay condition. Those three
that had learned Task B in the No Delay condition then learned Task A in
the Delay condition. Those three that had learned Task B in the Delay
condition then learned Task A in the No-Delay condition. The other six
pilot subjects learned Task A first, three with No-Delay and three with
Delay, and then learned Task B second with the conditions reversed. Tasks
C and D, and then E and F were learned in the orders indicated in table 2.
The pilot subjects were not informed of the Delay or No-Delay conditions.

Overall then, each of the twelve pilot subjects learned six tasks,
two tasks at each of the three Difficulty levels, and at each Difficulty
level., one under the No-Delay condition and one under the Delay condition.
Each pilot subject was considered to have learned each task when he per-
formed three successful entrapments in a row (successful performance).
The dependent variable was the number of trials on each task required tt
reach successful performance.

DATA RECORDED. A log was kept of each pilot subject's carrier approach
trials for each task and each delay condition. The log contained the r.

results of each approach, i.e., trap, bolter, wave off, or crash. Figure
11 is a sample of the log.

The date, pilot identification code, and task sequence designation
were recorded on each page of a subject's record. The approach trial
number, the approach outcome (e.g., wave off, bolter, crash, or trap),
the number of wire caught (wire 1 through 4), the task designation (task
A through F, with, indication of delay or no-delay), and remarks, as
applicable, were recorded for each approach trial. The remarks column as

----____,intended primarily to note spontaneous, off-hand comments from thf subj ct
pilot that may have supported, or been relevant to, the analysis of the
experiment:

As indicated in figure 11, a task was flown until the subject
achieved three successive traps. The next task called for in the given
pilot's task sequence was then set up. The subject continued in this
fashion until completing all six tasks.

DATA ANALYSIS AND RESULTS. The analysis of variance model used in the,
data analysis is a special case of three-way classification mixed model
in which the Delay/No-Delay condition and the Task conditions are fixed
constants and t4e assignment of the pilot subjects was a random variable.

4
See McNamar, Quinn: Psychological Statistics, John Wiley & Soni-,-NlY., N.Y.,
1969, pp 364-571 N,
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Date: 1(} June 1,974 Pilot ID 1010 Sequence

oach Bolter Crash Tra Task Remarks
1. X B(D) 1 MI on Center Fuel 6000
2. X

3. Xx
If. X A(ND) 1 MI 600' Right

Xf. X

x
K. X D(ND) 1 MI-6"001 Left

2.: . X

, 10. x
11. x
12. X

xli.
x1, x .

1 . x.
17.. x

10 x
19. .

20. , X

21. x24
21.x. x
24. x

x
X

27. X

28. , X C(D) Center, Rough Air
29.

.t

30. . x
,x/ .

31. X /
12. x
3,3. . x

_ 14, . x
)(

36.-
37.

Figure 11. Experiment Part 1, Sample Log
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%t\\

The results of analysis of variance are presented in table 3. The
main interest was testing for effects of the two manipulated variables (Delay/
No-Delay and Task Difficulty) and their interaction. For the influence of the
Delay/No-Delay condition on pilot subject performance, F = 0.53 which is ob-
y'iously not significant. For the effect of Task Difficulty, F' = 6:666 which
"is a statistically significant ratio (.0>pl....01, df = 2.22).5'The Delay by
Tail( i eraction, F = 0.89, is also not a significant result. No further
tests ar available in this model.

The f t that task condition has a significant effect on clot subjects'
learning pe ormance is, not surprising. Recall that the Tasks were presented

.

roughly in th- order of,difficulty that was agreed upo . Thus, 4two

factors influ- ced the pilot subjects' learning performance fr m task to task
throughout the xperiment. The first factor (task difficu .y, presented in
the order - rel ively easy to difficult) tended to cause a greater number
of trials-to-cri 11.on to be required for the more difficult task. The
second factor, pr tice effect, operated in the opposite direction and tended
to cause fewer tria s-to-criterion as time went by after longer practice. The
effect of the first actor, difficulty (perhaps because the range was narrow),
was overshadowed by t e effect of the second factor, practice, and the gen-
eral diminution of th- trials-to-criterion on the latter tasks is evidenced
by the significance of the Task factor in the analysis of variance.

Further evidence o this point is presented in table 4. EaCh average
in table 4 is based on tie performance of twelve pilots. The diminution
of the average number of 'rials -to- criterion is especially noticed in pro-
gression from the least di ficult,to the moderately difficult tasks. Per-
formance levels off therea er so that the"most difficult" tasks were
learned in approximately the\same number of trials as were the "moderately
difficult."

Within each "Difficulty" level, however, the fferences between
the Delay and the No -Delay conditions are of no statistical nor practical
significance. The only possible exception from the practical point of

. view lies in the "Least Difficult" task level where the average number of
trials-to-criterion was greater under the Delay conditions. This difference
was due solely to the performance of one pilot who took 157 trials-to-
criterion in the Delay condition (his first task) and then made only one
subsequent error during the remainder of the experiment.

The in conclusion from this part of the study is that, overall, the
introdutction of a 100 ms delay in presentation of the visual information
hadno effect on the learning by the pilot subjects.

-

5
For the choice of the error terms in these tests-see McNamar, Quinn,

ibid., pp 377-378:'
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Table 3. ANALYSIS OF,VARIANCE FOlicPERFORMANCE
SCORES FOR 12 PILOT-SUBJECTS FOR TWO "DELAY"
CONDITIONS AND THREE LEVELS OF TASK DIFFICULTY

SOURCE

SUM
'OF

SQUARES

DEGREES
OF

FREEDOM

,-.

.VARIANCE
ESTIMATE F RATIO

Delay (D) 234.72 1 234.72 0.53
Task (T) 4,649.69 2 2,324.85 6.66
Pilot-
Subject 4,890.94 11 444.63
Interaction
D X T 852.03 2 426.02 0.89
D X S 4,884.95 11 444.09
T X S 7,684.98 22 349.32
D X T X S 10,537.30 22 478.97

TOTAL 33,734.61 71

Table 4. MEAN NUMBER OF TRIALS TO CRITERION

TASKS AU
LEAST

DIFFICULT

TASKS CU)
MODERATELY
DIFFICULT

TASKS EU
MOST

DIFFICULT
.

No' Delay

Delay

Both

20.8

34.2

27.5

11.0

9.4

10.2

11.2

10:3

10.7
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EXPERIMENT 2

PROCEDURE. All pilot subjects were quite proficient after completion of
Experiment 1. The flight tasks and operating procedures were familiar to
them at the beginning of Experiment 2.

The object of Experiment 2 was to record, for later analysis, each
pilot subject's flight control activity while flying assigned carrier
approaches with and without the delay condition. Twelve pilots completed
these tasks. Task B, an ease' task, Task D, a moderately difficult task,
and Task F, a difficult task used in Experiment 1 were chosen for use in
Experiment 2.

It was found to be convenient to refer to Tasks D, B and F as Left,
Center and Right Tasks, respectively, each with Delay (D) and with No-Delay
(ND). Subsequent references to tasks will be made in this manner.

Experiment 2 required each pilot subject to make five successful
arrestments for each of the Left, Center, and Right Tasks with and without
the delay condition. This resulted in a total of 30 successful arrestments
required of each pilot subject. Successive arrestments were not required.
Typically, a subject would make 40 to 60 approach attempts in achieving 30
successful traps. The pilot's control activity was recorded on magnetic
tape siuring all of his approaches, however, only that recorded during suc-
nssful approaches, i.e., resulting in arrestment, were subjected to later
alysis. The sequence of tasks flown by each pilot subject was identical.

The sequence was as follows:

(1) C (D) - Center with Delay

(2) L (ND) - Left with No-Delay

(3) R (ND) - Right with No-Delay

(4) L (D) with Delay

(5) R (D) - Right with Delay

(6) C (ND)d - Center with No-Delay

DATA RECORDED. Six (6) pilot control parameters were recorded on magnetic
tape each program cycle. These are:

DDS - Stabilator Control Stick Deflection

DSA - Aileron Control Stick Deflection

RP - Rudder Pedal Deflection

FSSA - Force Applied to Stabilator Control Stick

FSAA - Force Applied to Aileron C9ntrol Stick

FRPA - Force Applied to Rudder Pedal

31 33
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The three parts of figure 12 are time histories of the six parameters
recorded during an approach by one of the pilot subjects. These plots are
typical of all approaches made by all pilot subjects.

DATA ANALYSIS- VARIANCES IN CONTROL FORCES AA0 DISPLACEMENTS. The first
step in the analysis of variance was to compute the means and variances of
each of the six control parameters (DSS, FSSA, DSA, FSAA, DRP, FRPA)
recorded for each successful carrier approach made during the experiment.
The results of these calculations were recorded on magnetic tape and were
listed.

The next step in the analysis of Experiment 2 data was to average the
five values of variance for the five successful approaches of a given task
(Left, Center or Right, Delay or No-Delay) for each of the six control
parameters (DSS, FSSA, DSA FRPA). To aid in explaining this and sub-
sequent steps in the process followed in analyzing the data, consider the
three dimensional model shown in figure 13. Figure 13 is a sample model
structure of one of a typical recorded control parameter. Each cell indi-
cated on the model represents the average variance of the given control
parameter taken over five successful approaches by one of twelve pilot
subjects, flying one of three basic approach tasks (Left, Center, Right)
with one of two visual presentation time delay conditions (Delay or No-Delay).
For example, the upper left-hand cell entry shown on figure 13 represents
the average of the variances in a variable for five successful approaches
made by one pilot subject for the left task with delayed visual presentation.
Table 5 contains the computed average variance values for each of the six
control variables (DSS, FSSA, FRPA) for each pilot subject (12 pilots)
for each task (Left, Center, and Right) for the two delay conditions (Delay
or No-Delay).

At this point, it is important to draw attention to what may be
subtle enough to confuse. Note that the analysis discussed in the remainder
of this section is an analysis of variance in variances.

An Average of Statistics program, figure 14 (4 parts), calculated an
average variance for each cell of the model. The'same program was used
to compute the average variance of the variances of each control parameter
for all pilot subjects in each of the three tasks (Left, Center, Right)
with and without delay. The results are summarized in figures 15, 16, and
17.

Since the entries in cells are the average variance in the control
parameters for a specific pilot and flight condition, the differences in
these entries represent the effect of the flight conditions on the manner
in which pilots exercise their piloting skills.

The results of averaging the cell entries, shown in figure 13, over
all pilot subjects are given in tables 6, 7, and 8, and are plotted in
figures 15, 16, and 17. Notice that for all three starting positions the
delayed visual task had greater variance than the non-delayed for the
following parameters: longitudinal control deflection (DSS), lateral
control deflection (DSA) and lateral control force (FSAA). In fact, in
only four of the eighteen comparisons of variance (Left, Center and Right

32 34
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Longitudinal Contr5l Deflection (DSS)

EXAMPLE
This cell contains the
average variance for
five successful
approaches by
pilot P1
flying the
left task
with delay

D

ND

L C R

Origin

12 Pilot Subjects

LEGEND

D, ND
L, C, R

P.1

Delay Condition
Task Origin --

Left, Center, Right
The Pilot Subjects

Figure 13. Analysis of Variance Model Sample,
Experiment Part 2
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TABLE

FILET
C8CE

FILET SI..5.ECT AVERAGE VARIANCE
eY TAO. DELAY AND
CeNTReL PARAMETERS

DELAY qR AVEPAGE VARIANCE
Ne DELAY LEFT CENTER RIGHT

2-PARAMETER

AAAA r 1.7949 470C4 102865. DSS
AAAA NC .731 74278 69769 CSS

Ci;CC C 1s31142 6151C 1..40682 DSS
CCCC NC 1.32448 1.34906 1877C5 DSS

EEEE C :.C2129 96911 3.4C512 DSS
EEEE NC 1.759= 74CqA 2.07053 DSS

1C1C C 1.25:66 .6333:. 1.q1s26 DSS
1CIC NC

*
1.C56=4, .76F29 1.4491 DSS.'

2C2C C 1.24214 1.13251 1.51636 DSS
2C2C NC ,779c .71921 229756 PSS

4/333 C 1.12134 7975F 1.6C45C DSS
20333 NC 1.C44e .45345 1.09790 DSS'

2121 C 1.34445 1.C1772 1.46072 DSS
2121 NC 1.26720 1.18925 2.39694 DSS

303C C .9ECC9 t592,, 1.4146E CSS
3C3C NC .85092 .7590 1.38624 DSS

4444 C 1,56314 3.15223 2,0885; CSS
4444 NC 2,26^62 '50685 2.49766 DSS.

-K555 C 2,14404 ,;-.2c6t .97041 CSS
655 NC 1.69141 8,-;44 1.16494 PSS

6666 C 1.36420 2.19703 .2.69:.49 DSS
6666 NC 1.27649 2.58591 2.2401? DSS

5999 C .68024 76724 .8C86 DSS
5995 NC 1.1478 1.56636 5CP32 DSS

AAAA n .9P79:7 60c62 1.91662 FSSA ti

AAAA NC .75771 9qc36 2.03597 FSSA

COCC C ,.6c77c; 465c?: 98656 FSSA
CCDC NC ,65 :72 .43657 1.423(;1 FSSA

EEEE C 1,09655 958114 31577E FSSA
EEEE NC 1.21n40 58172 2.331C3 FSSA
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,TAB 5 (C9NT)

,FILGT E.L81CT AVERAGE VARIANCE
EY/ ASK, DELAY ANC .

cel\TReL PARAI'ETERS

PIL8T CELAY 9R AVERAGE VARIANCE ,

CODE NO DELAY LEFT CENTER RIGHT

1C1C C
1C1C NC

2C2C C

2C2C KC ,.-

2121' C
2121 NC

3C3C C
3030 NC

3333 C
3333 NC

4444 C
4444 NC

5-55 C

5555 NC

6666 C
6666 NC

9599 C

9999 NC

/A

AAA C

7AAAA NC

1C1C C

1C1C NC

2020 C

2C2C NC

2121 c,
2121 NC

.62122

.61950

.P5,'58

.71787

.629E1

.5469C

.8271R

.81291

.88782

.73q2.6

.93118
1.64432

1.1617C
.843549

1.C7r44
.75123

.59769

.66211

1.97776
2.35853

1.59281
1.46O45

1.34147
1.323C1

2.089C
1,6C014

1.64"!34
.87779

1.47694
1.13744

.51924

.46203

1.49083
.58641

.34999
27284

47174P
.46073

.66710

.3588C

2.01811
.44698

/ .66272
53764

1.36543
11.27535

76C84
.93515

.3b394
. .18444

gZt59C1
.08837

25549
09409

.085C1
321Cu

.32596

.17638

.06181
07705

40 38

1.38129
1.54758

PARAMETER

FSSA
FSSA

1.38756 FSSA
3.04751 FSSA

.77852 FSSA

.91618 FSSA

1977233 FSSA
1.87121 FSSA

1.84462 FSSA
1902932 FSSA

1.39633 FSSA
2.26562 FSSA

2.1.9842
2.45267

1.19169
96242

1.83983
1.8461C

1.77968
1.24926

FSSA
FSSA

FSSA
FSSA

FSSA
FSSA

DSA
41k.

CSA

OSA
DSA

2'03146 CSA
1.40155 DSA

3.40622. DSA
2.512C6 '`SA

1054867 DSA
11q9266 OSA

ja.

.79037 DSA
59372 DSA

f

e.
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TABLE ''5 (CONT)

PILOT Et45w,ECT AVERAGE VARIANCE
RV TASK, CELAY AND

PILOT

ODE

,CONTROL PARAMETERS

CELAY eR , AVERAGE VARIANcEs
NO OFLAY LEFT CENTER RIGHT

3C3C C .6.16C6 .324C7 1.11321
3C3C Nr; .4.5128 c76c5 9974C

3333 P 2.96739 .q72m7 4.36092
3333 NC 2,63645 10215 2.60337

4444 C. sPI.C62 15485 1.06539
4444 NC 77s29 10321 .93032

5555 C ,1.9275.4 48891 2.98728
5555 NC 2.72424 .36583 2.24545-

6666 C 1.47121 55691 1.83386
6666 nr 1.20365 .56519 2919428

9999 C 1.27?S7 23360 1.12737
5999 NC .77931 24390 73552

AAAA C 09632 02550 10315
,AAA NC .11475 C1565 11719

CCDC C .c.4998 01294 .074.52
CCDC NC .C5123 00266 .06062

EEEE C .C5434 C0916 103748
EEEE NC CE44c C0329 08170

1C1C C .C9776 C0965 16201
1C1C NC .C8c43 C2168 .13331

2C2C C .c6P35 C1410 .06051

2C2C NC .C3337 00669 .05268

2121 r' C7135 00498 04314
2121 NP .C658.6 C0313 .034C7

3030 C --"SoC19C0 00560 904682
3C3C NC .C1490 00338 .04652

4333 D .13729 .04865 2C382
3333 NC .12144 01173 1271C

4444 C .C2514 00899 .04942
4444 Mt .C2625 00374 04477

39 41

PARAMETER

DSA
DSA

DSA
DSA

\OSA
DSA

OSA
DSA

DSA
DSA

DSA
DSA

FSAA
FSAA

FSAA
FSAA

FSAA
FSAA

FSAA
FSAA

FSAA
FSAA

FSAA
FSAA

FSAA
FSAA

FSAA
FSAA

FSAA
FSAA
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TABLE 5 (CONT)

FILeT sLe.zci AVERAGE VARIANCE
PY TASK, !DELAY AND
C8NTR8L PARAMETERS

PIOT CELAY OR
C8CF 1'9 DELAY

5555 C

.5.5 NC

6666 C
6666 NC

5999 C

9999 NC

AAAA C
AAAA NC

CCCC C

coop NC

EEEE C
EEEE NE

1010 C

1C1C N6

2C2C r

2C2C NC

2.121 C
2121 NC

3C3C C

3C3C )\C

3333
1,1q1

.4444

C

NC

4444 NC

C

54.5 Nc

6666 C

6666 NC

9999 C

9999 NC

AVERAGE VARIANCE
LEFT CENTER RIGHT

--:13377

.11140

05965
nMA9R

C7P1C
.C5316

oCC466
CC271

ICCC2C-

. CCC40

o CC732
C1148

C5184
.C4678

.Ci1P2

o C4752
.C7 'C9

C2145
:CEC.19

CC181
CCC97

.CC/75
cCq30

COPA1
CC161

.C4344

.C2S1C

C7378
. 03750

03065
0C2252

.025i1

..38C1
\\,

'6C1982
C1786

C0132
C0107

COCA7
COD3C

00263
C0049

00/21
C0643

00/20
CC163

C0123
CC217

400639
C0377

00021
4z4r.0.91C1

CDCA2
:00051

00035
00070

00190
0E437

0027C
.01150

4 2
40

. 15858

. 12288

10222
.11338

C7731
606365

-ccja7
00338

CCC42
0004C

0106
C1C8C

16762
4623

05038
01839

. 01249
CE113

03259'

4126

.00157
01463

00558
.01207

00128
C0173

05229
. 04510

0E514
603298

PARAMETER

FSAA
FSAA

FSAA
FSAA

FSAA
FSAA

DPP
DRP

DRP
DRP

DRP
DRP

,DRP
DRP

DRP
DRP

DRP
DRP

DRP
DRP

DRP
DRP

DRP
DRP

DRP
DRP

DRP
DRP

DRP
DRP
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TARLE 5 (CONT)

PiL T SL8,wECT AVERAGE VARIANCE
eY T qX, CELAY AND
CONT L PAWETERS

PIOT 0ELAY gR AVERAGE VARIANCE
CaCE Ne DELAY LFFT CENTER 'RIGHT

1.85349 .92938X,307790
NC 1.0535.2 13049 \3.?8979

AAAA
A4AA

CCCC C

CCDC 'NC

EEEE C

EEEE NC

1%0 T
1C1C NC

2C D
2:d2C NC

2121 C

2121 NC

a.c.ac D

3030' NC

3333 C

3333 NC

4444 C
4444 NC

5555
5555 NC

6666 C
6666 NC

59999 r

9999 NC

5oCC461
2.715'

3.27354
1.79528

1.818SC
9.18484

16
7 6

1.52,".74
.47149

1.45A13
41689*

.4'455

.4CA73

RCC('43
.91654

1'.6P7/51
5.75441

1

c"-- 441. 1.04083
31726 50718

76066
2610

3245
7

65C
41

.P3384
61!+4

.93259

.93558

5020424
2.96332

..V355"
.7386c,

.4664C

.4P263

'.24412
%-29296

1. 4367P
12032790

1.432c5

7.66180

4

4. 9249
'4'21057

5941606
12.3674

18.69986
30.16136

1.'26641

2.50758

1.756C7
4.77768

74423
4775C

19'17819
1141264

11'75544
12'90260

.

PARAMETER

FRPA
FRPA

FRPA
FRPA

FRPA
FRPA

FRPA,
FRPA

FRPA
FRPA

RPA
FPPA

FRPA
FRPA

FRPA
FRPA

FRPA
FRPA

FRPA
FRPA

FRPA
FRPA

FRPA
FRPA

O
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Edited
Data .401hs----

pressed
Data

Y

Data Editing
(operator and
tape drive
errors)

Statistics Program
Calculates means and vari-
ances 052) of 6 parameters (DSS,
FSSA, DSA, FSAA, DRP, FRPA) for
each pilot, each carrie)ic approach
trial .

LIST

Average of Statistics
Calculates the averageixand ''for each pilot for their 5
carrier approaches for each task for each, parameter (DSS, FSSA,
DSA, FSAA, DRP, FRPA). Collects average mean and variance
(#4.,43 , erls ) for each task and delay condition for each para-
meter (DSS, FSSA, DSA, FSAA, DRP, FRPA).
LEFT (D,ND), CENTER (0,ND), RIGHT (D,ND)

Figure 14. Flow Diagram of Experiment Part 2
. Data Processing

42 44



NAVTRAE QUIKEN IH-250

ANOVAS program
pialytis of variance .of variances in
parameters (DSS, FSSA, DSA, FSAA, DRP,
FRPA) due to delay/no delay for all
subjects for each separate task (left,
Center, and right).

A X S Analysis of variance
A Delay or no Delay
S Pilot Subjects

ANOVABS Program
Analysis of variance of variances in
parameters (DSS, FSSA, DSA, FSAA, DRP,
FRPA) due to delay/no delay and due to
task (left, center, right) efferences
for all pilot subjects.

A X B X S Analysis of variance
A Left, Center, Right'task
B Delay or No Delay
S Pilot Subjects

TASK
D ND

A X S
LIST

Figure 14. Flow Diagram of Experiment Part 2
Data processing (CONT)

4 5
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NAVTR AE PCEN III-2 50

)0-

AVERAGES

tTilale-averages of control parameters
and subtract from time histories to
form modified time histories.

AUGMENT

WilijirTFUmodified time histories out to
1024 data points for all runs with
zeros for DFFT processing. Augmented

Data

DFFT
77Fute DFFT''s for all modified time
histories.

Y

DFFT's

all runs
all pilot

Figure 14. Flow Diagram of Experiment Part 2
Data Processing (CONT)

46
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NAVTRAEQUIPCEN IH-2 50

AVERAGE
Average DFFT's for each harmonic
for each subject over his 5 runs
for a particular task.

Pilot

Average
DFFT's

LIST
Mean DFFT
for given
task for all
pilots

AVERAGE-1
Average and compare DFFT's for
each harmonic for all pilot sub-
jects for a particular task.

LIST
Mean DFFT
for all
tasks for all
pilots

AVERAGE -2

Average and compare DFFT's for
each harmonic for-all subjects for
all tasks.

figure 14. Flow Diagram of gxperiment PArt 2
Data Processing (CONT)

47
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CALCOMP
Mean DFFT
for given
:task for all

pilots

CALCOMP
Mean DFFT,
for'all
tasks for
all pilots
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Table 6. STATISTICAL SUMMARIES LONGITUDINAL
AVERAGE VARIANCES-12 SUBJECTS

DISPLACEMENT (DSS)

LEFT CENTER RIGHT
ROW
MEANS

DELAY 1.4068 1.1192 1.6906 1.4055

NO
DELAY 1.2698 1.0398 1.6401 1.3166

COLUMN
MEANS 1.3383 1.0795 1.6654

FORCE (FSSA)

LEFT CENTER RIGHT
ROW
MEANS

DELAY .8546 .8666 1.5983 1.1065

NO
DELAY '.8395 .6460 1.7487 1.0781

COLUMN
MEANS .8471 .7563 1.6735

F
Task = 6.2534**

PTask = .0072
F
Delay = .8934

P Delay .3674
F
Task X Delay = .0428

PTask X Delay = .9585

r

FTask
= 39.3728**

PTask = .0000

FDelay = .1210
P
Del = .7332

Task X Delay = 1.0196

PTask X Delay = .3582

* STATISTICALLY SIGNIFICANT AT .05 LEVEL

** STATISTICALLY SIGNIFICANT AT .01 LEVEL

46
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NAVTEAEqUIPCEN IH-2 50

Table 7. STATISTICAL SUMMARIES LATERAL AVERAGE
VARIANCES-12 SUBJECTS

DISPLACEMENT (DSA)

LEFT CENTER RIGHT
ROW .

MEANS

DELAY 1.6824 .3232 1.9945 1.3334

NO

DELAY 1.4481 .2015 1.5918 1,0804

COLUMN
MEANS 1.5652 .2623 1.7932

FORCE (FSAA)

LEFT CENTER RIGHT
ROW
MEANS

DELAY- .0738 .0187 ,.0988 .0637

NO

DELAY .0660 .0126 .0865 .0550

COLUMN
MEANS .0699 .0156 .0926

F
Task = 40.5225**

PTask = .0000
F
Delay = 10.2748**

PDelay = .0083

F
Task X Delay = 1.8443

PTask X. Delay = .1804

F
Task = 42.6083**

PTask = .0000
F
Del 5.3550*

PDelay = .0392

F
TaskX Delay = .4156

PTask X Delay = .6701

* STATISTICALLY SIGNIFICANT AT ,.05 LEVEL

** STATISTICALLY SIGNIFICANT AT .01 LEVEL
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Table 8. STATISTICAL SUMMARIES DIRECTIONAL
AVERAGE VARIANCES-12 SUBJECTS

DISPLACEMENT (DRP)

LEFT CENTER RIGHT
ROW
MEANS

DELAY .0248 .0017 .0219 .0161

NO
DELAY .0197 .0045 .0207 .0150

COLUMN
MEANS .0222 .0031 .0213

FORCE (FRPA)

LEFT CENTER RIGHT
ROW
MEANS

DELAY 4.5721 1.1846 6.5518 4.1028

NO

DELAY 3.3319 2.5284 7.6548 4.5055

COLUMN
MEANS 3.9520 1.8565 7.1033

F
Task = 8,4328**

PTask =7*tk .0022
F
Delay = .3393

PDe14Y. = .5775

FTask X Delay = 1.2694

PTask X Delay = .3007

F
Task = 8.0062**

Task = .0028
F
Del .5977

P Del ay .4613
F
Task X Delay = 1.0052

PTask X Delay = , .3839

* STATISTICALLY SIGNIFICANT AT .05 LEVEL

** 'STATISTICALLY SIGNIFICANT AT .01 LEVEL

48 5 0 .



NAVTRAEQUIPCEN IH-250

OtiPRIRI SON OF Tarin LAR MICE
FOR PROMETE0t5 . '

,arrivri.p7
BEL-FIY PRESENT 4

1 -1.19.1 la "'" NL .DEL:FY_ P I ESE
;

1 ' 1

CC Ipre ;

CC I

-t !

1

Lai

cc!

_

Lai

L_ >
--CC.

1---

I

I

I

--r 1 -iri -. !---
1

. 1.

1 i !

PD
LET : CENVE0 Ay_ Ti

:

1,--- 1--- GPO --1- --1-1
' 11E.PRCIA 1.114--t- -4-T

-----f- ----H --1
; 1i ) 1

i I

__
I

FOR rRftriME-Ttt015§-11
( t- r... , t r

1. 1

....,

1

1

,

;

,- 1---1-- -1
1 e,I

1 I ,

r
I ___L i 1.;), 11,. z. ..1. i

1

^1.

1

'1 IX 1
!

! i
1

I- - 4--- -I- 1_

I CC i !
-rix-i- --i-

..........L___,_ __..............1._.:__

--f-- --1=1 ---I- r :-. -I- 1 i--- I--; -'-' -1

Ce:15 / I 69 i

"I 1 t

-1--
. -7 4-- ---i . I-- ---1

r- 1--
I ; ;

I-- ----;---- c
.

1

.s
7 i

I ---1--
I

I ;
I

I
. I i 1

I

I ---1-- j ! 1
I

i LE IT
-EITI.1- SET-

ENiEFI RIG TH
- Og --i- 1

; ;

;

I Ei-IL- 6-0110 rEET i ;

,

-
PP R ft

Figure 15.15. Comparison of Variances Longitudinal
51

49

C



101

NAVTRAEQUIPCEN IH-250

:: ''' [ -1.11 ' i tOPORRION

i

....T.
Oil AtiERRGE VilftRiCE I

4.-- 1 . i

.

. ,, 1

- !
: :

I' 1

hi I I

i 1

1

t.31

CC i---
CC

,,. \ Il

1

---.4,-----I-

1tX Xi i

,

i__.

I

_;...._...

i

--vr-DD

--1-

iLE:'T

---i----
I 1

!

1

dENVER RIG T

1

-1----1----:1-
;

:

ri 1

-4
I

,

1

f- 4. - --.

,

1- I _ I__ L__I___-4- _L

I

[._

I :
i

Ca
I-I / -T

I A
,....=

! ___ 3 - -1-. -g -- ---,- 1

I

1,
u

t.....
: i j

1 1

i i !

,

1 ,
1

1 1

i

,LEc T CENTER 'IGF4T ! 1 -1: i

; 1

Figure 16. Comparison of Variances - Lateral
50

5 2



NAVTRAEQUIPCEN

Li ::
L

T i 4

1-1
i

'--
oliOnpiioNVO RVEARG 4AR A4CE

t
!____

I

1

I,
1 F 0 ' :RR
;AL PILOT

lig TE ClOtrau+,
*Et i

1

------.1--
1

_I
i

,

i

_..4.'

. + M3
i,

]
!

. .
4 I

;NIL ,I

cc
4.4 1

.

CC '

La
1.

II .
.

,

. 11177 I I
.

.

V"I III

1111
113'

LE
1

GLEN ER -id

11111111

.,
.

1,
,';4

.,,,
1

III; I , ,

I

4.,

PET 'PROM TER':PRPT',., . ,
.

.

'7,

.1

'I4
I i 1 i

;

!

-WE
C.)

1 --i
-7

, :. i !

,

,

...!!

I ,

t

ti 4

.1.1*

, i !
,

.'"
.

, .

-E 4!--.."'''--.1X*---'1--' IF.II

CC

.5..

"-

, I t
I !

.

=
Ca

II
11_1,

3 III
i 1

,

I I'

I 'I

',I
IIII

111',I..

i
14/

,
,,

:1'

. I

I i 'h
:,; it

, I

11 If t; 1 II

1111

'" li

. " I *
. , . . ,

i

. ,

.. I 1

H : , i '

1 1 , '1111 4!

.

LE ENTER' IG
1II

I

I

't
L

II 1 I El .11

Fine 17. Comparison of Variances - Directional

5351



NAVTRAEQUIPCEN IH -250

Tasks for six control parameters) did the non-delayed variance exceed the
delayed variance. Of these, three were'for the rudder control variables
(Center Task, rudder pedal deflection (DRP) and Center and Right Tasks,
rudder control force (FRPA)).

There is some chance that the differences in average variance observed
between the different conditions are due to chance or happenstance. One
accepted method for determining the probability that the observed phenomena
are due to chance is known as the multivariate analysis of variance. There-
fore, a multivariate analysis of variance in the average variances of the
six control parameters was performed to determine statistical significance
of the differences in average variance of the control parameters due to
both the task and the delay factors. For our purposes, two levels of
statistical significance ars considered and are defined to be those situa-
tions in which the F ratios resulting from delay effects being due to
chancy, are less than .05 or less than..01.

The analysis of variance" program w9 obtained from what is known as
VUL2, the Vanderbilt Statistical Package written by Dr. Laird W. Heal.
The program, called ANOVABS (figure 14, part 2), calculatesan analysis of
variance with two "within" factors, or repeated measures.

The differences in variances of the control inputs (DSS, FSSA, DSA,
FSAA, DRP, FRPA) for the two basic conditions of Delayed and Non-Delayed
visual presentation are shown in figures 15, 16, and 17. The results of
the multivariate analysis on the differences are presented in tables 6, 7,
and 8. The F ratios for the task origins are statistically significant for
all tasks. This indicates that all of the observed control parameters were
exercised differently for each task. This is not surprising since the
tasks are all different. The center task required the fewest control mani-
pulations of the three tasks. The principal difference in left and right
task was the addition of the turbulent air variable to the right task. The
F ratio based on the differences of variances due to delayed or non delayed
visual presentation for the lateral control parameter is statisti4ally
significant at P = .0083 for the lateral control deflectioA and at P = .0392
for the lateral control force.

FOURIER ANALYSIS OF CONTROL INPUTS. The question "If pilots do perform their
skills differently when visual stimuli are delayed 100 ms, in what, way(S)
is their performance different?" is difficult to answer by examining the
time histories of the pilot's control activity. One time history appears

6
Mendenhall, William, "Introduction to Probability and Statistics", Third
Edition, Duxbury Press, pp. 243f.

7
Heal, Laird W., "VUL2 Vanderbilt Statistical Package", Xerox Computer

Users' Group Exchange Program Library, Catalog No. 890400-11800.
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.

much the eame as another and in particular, the time histories for the
4 Delayed and Non -De ayed cases also appear to be very similar. The results

of the multivariat analysis of variance in Control Forces and Displacements,
'indicate that ciedtkdigferences exist'in the variances of the various control
,parameters, but not 'WhAt the nature of those differences might be. One .method

t

of examining time historiet is to investigate their frequency content., The$jmaptimtories were mapped'
aillt

ped' inialthe frequency. domain to better evaluate the
ex ture of the differpnces which occur in piloting technique when the
pilot subject's visual stimuli have been delayer}, The Fourier transformation

8to the frequency domain was accomplished by using a published program package.
,

C

The DiScrete Fast Fourier Transform (DFFT) is one convenient tool
performing the required tapping from the time domain into the frequen do-
main. One computer program, FOURT, processes the Cooley-Tukey Fast Fourier
Transform as defined by:

N-1 -i2im mn
Xn = xm e

Where: i = imaginary

0 < n < N=1

summation index on the number of data points

harmonic

number of data points in the recorded time history

m th value sof\the untransformed data

.amplitude of tiie n th harmonic of the transform

An error analysis of this program appears in a related publication.9

The various time histories were of differing length making comparisons
of the results of the Fourierprocessing difficult. The different lengths
were all augmented with zeros to make *eir lengths 1024 data points,
(figure 14, page 44, Augment) allowing faster program execution and a common-
ality of fundamental frequencies of the Discrete Fourier Transform (DFT).
So as not to introduce major harmonic, content into the DFT's, the average
value of each time history was removed bef9re augmentation of the. data
strings.

8
Brenner, N. M., "Three Fortran Programs that Perform the Cooley-Tukey

Fourier Transformation," MIT .Lincoln Laboratory Publication AD 657019,
28 July 1967.

9
Ferris, James F., and Nuttall, Albert H., "Comparison of Four Fast Fourier

Transform Algorithms,":NUSC Report No. 4113, 3 June 1971, Naval Underwater
stems Center, Newport, 11.1.
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The choice of datastiing_size-anier-the-501S sampling period results in a
fundamentar-TiWiaency of .0195 Hz per frequency cell. Since preliminary
analysis of selected time histories of each,control parameter representing
each task indicated no appreciablt energy in the spectra at frequencies
above 4 Hz, the calculations were halted.at 200 harmonics.

The following spectra were calculated for each control parameter.

a.11, For each pilot subject, the spectra for five successful approaches
for each task in each delay condition were averaged.° (Figure 14, page 49,
Average 1.) This produced three (one for each task) spectra for each delay
condition for each pilot subject.

b. Each of the six spectra thus produced per pilot subject were then
averaged over all'the pilot subjects, providing six spectra for the entire
group of pilot subjects, one for each task for each delay condition (figure
14, page 45, Average 2).

Thus, thirty-six spectra were prepared for the entire group of pilot
subjects; three (Tasks) x two (Delay Conditions) x six (Control Input
Parameters). These are presented in figure 18. Figure 18 also displays
the differences in the spectra discussed above, i.e., the differences in
the spectra for the Delayed visual presentation condition minus the Non-
Delayed visual presentation condition. These differences were computed
by subtracting the real and imaginary amplitudes, for each frequency cell
of the delayed spectrum from the real and imaginary amplitudes of the
Same frequency'cell of the Non-Delayed spectrum. Figure 18 shows the
general trend of the results of pilot activity in the frequency domain.
Notice 'that the control input spectra have decreasing amplitude with
increasing frequency and that the difference spectra (Delay spectra minus
the No-Delay spectra) have the saute general trend. This suggests that
the delay effects (as indicated by the difference spectra) are functions
of frequency and that the effects are greater at around .6 Hz. The results
of the frequency analysis are summarized in table 9. The principle fre-
quency and approximate amplitude refer to the difference spectra of the
delayed condition minus the nbn-delayed condition. The control input
limit refers to either the delayed or non-delayed case and merely states
the approximate upper frequency limit of information content.

10
The spectrum averagini-discussedherein is the arithmetic mean of the , ,

contents of each frequency cif (multiple of the fundamental frequency).

56
54



111110-",
I -I 11E1

. I' 1111"11
MINIMMame .)..

= I MEM' 1111
1.

U1 141 II ."111111 11 3 fill 3

MEE
111

11111111101
=mos

IMRE Elio

MI=
. ,., k. uo.. :.. . . ,,, t

I En
c is

mu® MIMMUMMille111111M1111. 11.1 1111111
MIN III Si . i....Eil El

1111111MIL
MEW.

ROI II
ItiM111_1111_1111 1111

11:111110111111111 Il
1121111111111111111 AIM NEIL

EMU 11137 1 I
31.4 11.1 141 . 1)..1 tie .11 t.. 11111

p I

MEIN



UMW

ME ' I ti .Nuir
au aml

RC MI 1111I -

111 1131001 111- ----

re

______iiik, ....,........... _...._
*. ,.., :4.. ,, imemil-172,I- e 3NU R! ...

.1

U. Em11;.-"'
. :

Wm' 1111111111111111111M11 mi INaisiormenewriroleparam
..11)430I- NI

111111111111111111111111=111
T. III

III,

fli I

---

.m_7 illillialfiLLIVELVELL. A . asl k. . -

1 :1 1 13 .1. 11 IMIP' 1 p!, ,I . I , . MI Ell -
1111I II

IN- 1.1111111aum_rinrum1111 Ill
1111..W11 MI **: - ;4..11 I a

III-1- MIMI a
1 EIM

la rilliiiiii Fl i 1111111 MIR IIIll
1111_ TEO I' 1.1b111111. VII 111111 IMF,_

111111.1allig raL,ill.,,a LAliAiladl&L
A: I. -it"' : I, MO 'IRO II 1 1

1111 II I Eli mi

NEE



Emmismimommi
---rtnimmonamtsav6Fa

samismimmommpta4: m MilIIIMIIIIIIE2. MIN
R N= 12111111/11101111

MUM 111311111111111111111111111111112111 U III
1111111111, MI 1111111111110

_

1111 111 111111111MEM MEM
p, ,so

i n I i ,

1E11 an_ mil

r

= Ell MN
11111TiElli

;.... it

MIIMMIIMM11-

. 1 1 I I I

MEEll

MEE

I.

reMir=11 U N-UM-
:

'

UMW

it 11

MIN

1111111M=111

CI



aii

M
E

E

I
I
I

1111111O
M

I
11$1

1 .11 1
,

111 1

.;
r.I4 4.

41'

rt
E

m
u

t 7--L
r

FA M
E

E

U N

IIIIII11 N
M

4
l
i
i 11,

L
I

.f:L
4

1 r
t ,

tr:t

4-

'

11111

M
IN

IU
M

.9.19C
R

P5411IPP:tr.p.W
IN

IO
L

U
N

IM
E

H
i

M
R

IM
I

M
111111111M

I

N
M

I=

E
N

III IN

M
E

E

M
il

If

4.4

w
l

r
ntt

,-4

4141t''

t. 11

71I

IIIIIll

M
ilU 111,r

N 111511E
R

N

:.!!1

E
E

O

tt

11[1 4

t
a
i

U
ildlE

idtT
hathr

w
lw

IN
T

IM
M

IM

M
M

;E
M

I

W
IM

M
E

11111

O
W
N

t'it
11

1 t iii 4

1
i
t
l

t 1 t
14'4aft

4,t 4

L
it ,11

I

-t

itti

.4 4

4
t4.1

jtt
Fri

l
i

iU
ftti

t rt

S

N
N

IM
O

N
N

11

a
1 r

chi
at,

r 1 r
4'

'1:
,4+

I- +
-

1
1, ,

ti
N IINI

on ,



MEM= MI
MI

ME 1:.: '144 U
lataLliti, II

_ 1111= EMI= MEM=
111111L11111_111REINI
11111 1111 MI 1111

1111

UPI MIME 111111111" MEM III
;211_ _. .011121111111111 1111111111111 MEM :-

Will!. 111M101
1111111E_MEMIAMIIIII

111111111 II IM MO III
11111111116111111111111:016=41.Mal El El

MUM 1111111111111 "MITIME5!.1111111
_ . 1_111111111111_1111111111111111111111111111111111Lin

Mil 1111101111111111 111 if
11111111111111_111_ 11111_11__1111

.1 Ma 111 11111 '1111
_ 1 "NI ...M=__111111111111 ill

r.

I'

III/
.Aamd

-...1111 .1,N1 : I ATV I1 I '11Alln
11111 N II t 1 ' I grallit f t 11111111

1111L -.A111111L: MILE
11111 mmigrARMITAIMA III

11 1111 11111 _ill INC .'...'l
t:;r . IN I, Hi! ME

: lik iiii Ell
' 11 I' 3t,Ilm Alm

111 _EN ME HI
EL ILIIIM
II: .111itikiiEWAPERM JR II

'MIN
..mr

;itt

:LA: " IIN. PR ME
111.111



MUM 10 inn.= 1011
RUMMEMEEMBE
MEIMISMA A . 111111111111

111111111111.111 0:flt &LAM MEM
Et Pi III II III 1111 10I 'III II X Mil IIin mum NEE Isom sill
Li 111E11111 111111111- NM 11 5Niti MT, ME 1111 ENE MEIN 111Ur 11624112MiiiiNSELATEEEMNIMMI IIM. , II 9 ET . .. Err.

um mi m 5mu no mum
amm ........ .

MEN
limmtmetrimmmlIDAIN

1 kfenumin 10
0 OF
1141111

'L 11 NM
10MN MEEMI Int IN M In

i IA1114111,11

i
. I II

MI iii
1, Ith iiiiblifiiltirillautAANEREI

[Aft 11 t ti I MPS NM
ME iagill
IRM n 1MN= IlLmuALTIMAIMAITNIN
WAN 1111 INNIEritireEtill Inn
6111111111111 RIME MEM MIME 11111 ME
1101 MI BPI 1111 III 11 ',' 11111

ir tb, ii i.; li il WHIM Mr I
ICI 111111111 Milli ittiVilitlil

MIIIMMILIWINI VIUMIMIZEW Prill 1111

111111110111011101111111411 RUNIIMI Nffiiiditi 1' eritlifia
Lmpnim In VIII le wpm '.71

11111111 MI
.

1111 ila "
Pl

.



_ ONE 1111111 MI MIMI MEmm imam 111

MI MIMI 1

At
I

I

in_1111111111111111111111111fafflit ME III Ili
EMMEN 11111 1111111111111

III 111111=M__111111 1111111111

11 11111111111Einimudillall___miamiggpsi
_ EmEmommii as

.11111L2Leg.. Ail ENIRIE 111111111111r

.1211-7. 1111M911111P.LEM= 111

111- Enl'w.mi.mlimilli

II

Far -Erd1111111111111111MOW REIM II-Mil Ell--
11 Nam

_1,1..1 Ly I I lye

NNE

1111S MIMI MIMI 11111 Ill momImilt95--- Pr Mil Mr
I II r. . -..

1 1 7 111

I 11111
111

1111"dmm

ors

1* al 11111
liial Mil=

7.
111

1111
Ira

- . mikii..L.,,MAgaki...,Ai............i.,............................
:: !. 1 1,1 :III

II MMS

? e ME ! 1
I I g 1 1 Yit

. 0



a .111111111111111111111 E IMII MI 1111111ZEILMEM 1111' -till 111

IMMIMII--IIIIIIII INW"MiA1/11 -ail ,-,,
MUM= kill itiEttiVIIII y lis

. 01111111 11111- "II III ME I
r: lill IIII a 111111111111
: II r RN =man EmuLumnd Ai mi II
:

_

.1111_11111116 ' lidli ,AMSLAIAIN11II

11111E1:
11110111TENZ A--1III

11111M11111e, RE. i.NIMIENIIIIEN
1111-- E .E 111 MEE El11111 a MA 111 11151

11111111111W211111 1111MAIgNewPATZEIMI
5111111111111 IEEE leill L'itillillIMIN
ENIMENNIIIIImm11111111111111111111111111111111111111
Ili ill MEMO Eli

Ili ME NEENIMMINIEOP INI as 5-1
101' AIN'T ,1_ a
AlAliiir Si Ildrirnilarbifaii..__11LA _ U "1"RAW ARMIN& ., 1111P. -,MIII ,LPI.

_111111111111-1111111 MIMIis a ME IIII II
tL

. IN won= 111111111111111111= 111111111111111E11"

AO Ti'll WIN 11111 MUM
leill OEMS- .. 'I*

al
: 11111111R11111111111 a IIIIII a
III !MINIM 1 II, MI

Imo

=MI

I All!! 1 Irl'illiktulT111111111
MINIM= II

MEL
:III II :It' I It I AI11171..



. ,

NENE Eti Minliffin
(1111'1 1

= 111 I 4141A !' VOW
ME AIDE It1i 11111 IMO

MEI 111111 '11 EMI....
' Ell= MN 11 .=

UMMITUMMIIIIIIII a =m m III
I. ithi% ME I I -R

: .11
. _m_wigasP7uPiMin

. e_nr 11 7711
i

. , : PIjn nu= nia l

NE
= "LANE

IV=111111iiiMit 122 I III 11111

11111111111111111111111111111111 111111

_ I mum "mum II
' ii ____aterm mom_ II E.

iiiFfP2 MI MUM II

":7:4111111ENETENIMINI._ _ 11101111111111111111111111111111111

IMOAN ME II
1:1911 .2.MIIMP, ',AIM . Mrs . IliMIF

1111111a
Ili

ea

11.11111111111 1.11111Mumoffrxnannemelsreenerplum

11'4

ii., ii all mum
ELIE a

fiffiNIONENIMIIPAIROMMINIMMIMI
nelli!!"-ir.grninertylr11, 5f411111

1Nk -0.± I

111111 MEE=
11111_1111111111111111

111111 11111
MINI=ME=

PI? 1t2..

111 ILl

t

,ft.

I



lu_
III "il 111111111111117_7_17 MEM_

111
1711

V- MI
11 Ill INAIliiigi .1 111-

II idit22110..,
... II

11 11111 IIIL-' la III Ili
FUR

111.111 :4, -a III Jim'1 ILLEMITIL ...P.B..
,....:- Nei su rA miell +.11 111lir ammr-mos mingismot," ENE

NM 111111Mmemi.immirmermuli MEr Ell 11111111ieliffilfflitt III 111

_ . 111111Pm 11111111111011 ME III
: VI ME II hull II 71,

111..1!i Emil® 11111111111111111 MEE
litlit "I

I!

® III 0 NM
_ 1;LiTriff m'

-
111111111 iiiitiirimAkk.ar kL Al - NNEA1". semi : .10, III ...me

imm iii I wail 0,

a ME ENE= ME
i1

11911111

_ 111.111111111111

1111Trill

lv
01027r ms=====7E3'

ENNE%

i1 ill

1111

'11:1M111441170ENLA.,.."11N.
pm mr.

mm

tri
11 4-

'III I



mil on
KIM -EMMET

II II
11221 enr

al

_

DIY,... I AMA. hAA.01...

-4 I 1 1 1 .1 INN

..11111 11

MEM

I

II

Ila

.77tianromeMet
NM

Mir

I 1

MI NM_

rum
U

111_ 11 II

LE

2 11,10jeA.

MIME EMI

Ui

1. 1 11

a

I no

Ira



'

III_ AM NNE
I. I

I

1101 .. : :',MIN a 1 , , , I

UMW RIM ....... mow
EL OMR III

VI 11111111E1111--1111 a _ ...-
-11111111111111NM II III

_ P 11,1.17-711 i Fi,
muN

. a . .....

i.A.E6a L lamszt.:!7 N!!. is, it .. is , in ii i ..

a. u i a... i mmr
1111111111111111111 A I
7 ENE Mil , ,.,. !II , !in

MEM iii«" "RERUN
MIER MI ME1 It 1111

1 11 PI i III
ill l!ii 11 i

all "11 1' _FA_ dii i-.111
!

!CI 11 .111 11 :11 1 11 1 11 1 111 1

111.A.

NEM

2' 61-1-1 ; 11
I1

111 1 11 f

I

froili

.

I

11 1 -11 1 III I



I

= I II,

111 ill aIli 111111--
mai

IIMI
11111111

i'

liMI .41- Pt AIM , III
EE 'm_ill....

1 ' mirlf7Star III ENE
_ _ I

.. MIME I_
11- II

' li

Ili

1161k...60......46..a . .

t"

1

1 1

Oa

1 1"

I

iliarol =NM=

II... ...oft....

111
le

OU

4111

Via, ...
--

- Imo mom=
: 1110,11 11 Ell
= 111111111111111111 I

litiiinillimm
1111 ilis III IN

_ 1 iiiii '' I. , ,

.1F' .A.amthilimbh,_ ;6.wIll U' iiik,,diaa4,4....
III It Ng i _2111 ,... .

.

:III II

1111111m1

I
IMI 1111P,.

I I



11111111

0011111M

IL a
Fill P
UR

fin

lilt I .1.1.

I
it III

North
1 I i 1U 11

k

0

aU

:51

IN EN
amwrimmirnipsir/wm,mmIllil

11` IN=

MEM

1'E R

$ 0..11 II III 11

a' s
11111

I la

-am 111111-EN

MEI

.4111 II L!. 11
- -U

I 11211

a
.1.1"1111111

IS

!I-1i
1

lit I!

111111111

mum



I
l

g
udwaill

KM V4" 1rommilis dor

: hi .II Ems zi
ii

1_ 1 1..11111
1.1. ii. i NEM I°

sM
I

5911M" E117,1 :III II :T P ..

M r m miI Ems
g rilitilEC -FBI

11.1..

1=m11111111114111 1111
111111m1

_

!"r
0111. Si :111 11 :Arm

NI

II I

I
ell I 111 lo

. k

U



,1 

1 111 I 11, I 11 I. 1 11: 11 111 11 111 

-171111119"117Arn 

/1 111 1 11 

Mil 

Ell INIMMEINw 

.8 II 1 11: 11 111 11 111. 

W Wm, low V.I."111111 
10 

Ohm N.= 
IllEtai 11 II li 

E4 II- =um II 
-agiaganal ors 

imm N. RE _II 
II II. 11 11 11 11: 11 1111 

"I MEM 

111 111111 OVI I V =8/.."F 

MM=1.11111011111.1r inilal. ik 
k 

I 

Ea MI ii li 

IMMI 

11 

MEM IllirK.Fli lialli. M. 
ill 

!!!!IM_ : 
I AO 1.A EMI 11111111 

'MEM 

11 III r. 

111111111=IMMID -'1110 

WO 



iI. I 11A I I I I II,: 
I 

aiii --,,iffc..i-ii.,-yMyviii.Mrircr 

U -- MIMI 

MILIMP 111 111 11 III 

All ill! I." 

M M I 
IN 

mil ... WEL ilaim osin.-4fit- I ago E 

I 1 EI II II I II II I II la II: in& ./.- 

muldEl m 

"1 

1111 II N. = III IIIIIIggilnql;NIMIIIImm II 
111111kiiirailillifiWiMigil- 

111.-31...All 111 

IS Ill' I / r. 
IMMO 

I . 
MI a" Pla 4. NEIMEMall a I II' MOM II III' II tg: .....:71: 

A Ill ii. ni : MOM s I 
Nom I I 

1111111_ 1111 1 
, NAM NIT 

ariEwitlir - II 11.iim 41 

=mu manavai a 1 u 111111111111111 

T 

MIN 

AN 



M1111MI

F'Immo

=up trilEm IWow

1E1111111

I 1

1111111111=

11

Ell

I

MI=
.

I II

1 10

111111111111M

IOW

11 I

611itie
. I 11 1.1 .111 11 II 1

Io

MIR

III MUNINEtil all
. "WIMP IT . ., . I II

1111 1 _ ell -itioni I
.. 111' MU 1

It I

ill . IIII I ME '
Ilif US I. , . i 1 i IliI sli 71 1Priliii13LA:4_.,..

.111 I. .111 I. .1..., 55m
1 I 1



NAVTRAEQUIPCEN IH-250

Table 9. SUMMARY OF ANALYSIS OF FAST FOURIER PROCESSING

CONTROL
PARAMETER LEFT

TASK
CENTER RIGHT

DSS

Pri nciple Frequencies (He) .1; .4 .1 .1, .4

Approx. Amplitudes .08 .16 .07

Control Input Limits (He) .8 .8 .8

FSSA
Principle Frequencies (He) .4 .2 to 1, Peak .6 .4

Approx. Amplitudes .05 .04 4 :05

Control Input Limits (He) 1.6 2.4 2.4
.-,

1.,-4;

Ra J
Fifnciple Frequencies (He) .1 .. 1 to .6 .2

Approx. Amplitudes .1 .025 .1

Control Input Limits (He) .8 1.2 .8

FSAA
Principle Frequencies (He) .1 .2, .4 .2

Approx. Amplitudes .02 .006 .02

Control Input Limits (He) .8 .8 .8

RE
Principle Frequencies (He) .1 .1 .1 to .4

Approx. Amplitudes .015 .006 .006

Control Input Limits (He) 1.6 1.6 1.6

a

FRPA -

Principle Frequencies (He) .4 .4, 1.2, 1.8 .4, .9

Approx. Amplitudes , .1 .04 .12 :

Control Input Limits (He) 2.4 3.4 3.4
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NAVTRAEQUIPCEN IH-250

SECTION IV

CONCLUSIONS AND DISCUSSION

The first question posed in the statement of the problem "Does 100 ms
delay of a visual presentation affect pilot learning performance?" was
answered by Experiment 1. No statistically significant differences were
found between the "trials-to-criterion" (three successive traps) in the
Delayed condition and in the Non-Delayed condition.

The second question posed in the statement of the problem "Do pilots
perform their piloting skills differently when their visual stimuli have
been delayed for 100 ms?" has been answered in the affirmative insofar as
the pilot control inputs in the lateral control parameters (displacement
and force) are concerned. The effect of delay was found to be statistically
significant at the .0083 level for aileron control displacement (DSA) and
at the .0392 level for aileron control force (FSAA). The effect of delay
on the remaining four control parameters (15S, FSSA, DRP, FRPA) was found
to be not statistically significant.

While the differences in the mean scores for all tasks for the remain.;
ing fdur pilot. control input parameters for the Delay compared with the,N0-
Delay condition were all statistically not significant, it is interesting
to note that of the eighteen mean comparisons made (see tables 6, 7, and 8),
four average variance values were less for the Delay condition than for the
No-Delay condition. (They were elevator control force (FSSA) during the
Right Task, rudder pedal deflection (DRP) during the Center Task, and rudder
pedal force (FRPA) during the Right and Center Tasks.)

It is believed, that these four average variance 4/Ues can be explained.
Three of the four comparisons involved rudder control force and/or deflec-
tion. Several approaches by subject pilots were made with high angle of
attack, sufficient to activate the rudder pedal stall warning shaker. It

is believed that the directional displacements and forces recorded due to
the shaker masked the effect of the delay condition on pilot subject induced
control displacements and forces. The fourth comparison, elevator control
force during the Right Task, is believed to be similarly masked by the
rough air turbulence used in this task. None of the other tasks utilized
rough air turbulence.

The third question, "If Pilots do perform their skills differently
when visual stimuli are delayed 100 ms, in what way is their performance
different?" has been resolved by transforming the pilot control inputs to
the frequency domain and comparing the frequency spectra of the control
inputs for the delayed visual'presentation to the spectra for the non-
delayed visual presentation case. These comparisons are summarized in
table 9.

The time histories of-each control parameter for all successful
approaches were transformed to the frequency domain using the discrete.
Fourier transform. The transformations were averaged for each given task
and each delay condition over all pilot subjects. The difference spectra
were formed by subtracting the average delayed spectrum from the average

76
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NAVTRAEQUIPCEN

non-delayed spectrum for each task ancLeach control parameter, (figure 18).
The difference spectra show the effect of delay totecrease with pereasing
frequency. The major difference between the Delayed and No-Delayed spectra
typically occurred in the range 0 to 2 Hz,

The results of these experiments are applicable to a high performance
simulation (F-4) using a narrow field of view visual presentation. However,
caution should be exercised before any attempt is made to extrapolate the
results to visual systems with wider fields of view or to aircraft having
different frequency modes such as large bomber or transport aircraft.

In conclusion, it has been determined that learning performance of
pilot subjects, executing the tasks specified for Experiment 1 and in the
simulator system utilized, was not affected by 100 ms delay in visual
stimuli. Perhaps this result could be due to pilot subjects responding,
with extra effort, to the delayed task conditions, i.e., they may have
"tried harder." It was determined that, in general, pilot subjects
manipulated their flight controls differently both in displacements and
in control force when their visual stimuli were delayed 100 ms. These
differences are indicated both by the general trend toward a greater
variance in control activity (in some cases the differences were statis-
tically significant) and by the differences in the frequency spectra for
the Delayed and Non-Delayed conditions.

7/
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SECTION V

RECOMMENDATIONS

In view of the findings of Experiments I and 2, the following studies
are recommended:

a. A similar study'be conducted which would allow both a variable
time delay and variable task as independent arguments. Sample areas of
interest would include: learning performance and input control variance
ag functions of length of delay time and task type. Since the present
experiments considered only the carrier landing task, other task types
might be aerial fueling, air-to-ground weapon delivery, and formation
flying.

b. A simil r salt should be conducted for a large field of view
visual presentation system.

c. A simil r study should be conducted for large mu ti-engine
transport type aircraft whose natural fr quencies are vas ly different
than the strike type of aircraft (the -4) used in these tudies.

d. The study should be repeated utilizing predictive filters
designed based upon the frequency- spectra of the differences in the
delayed and the non-delayed pilot control input performance. The pre-
diction could be expected to reduce the effects of the delayed visual
presentation.
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